As a result of the research that characterized the role of COX-2 in prostanoic acid production, 4, 5, 9, [12] [13] [14] a class of antiinflammatory and analgesic agents that primarily inhibit COX-2 while sparing COX-1 at therapeutic dosages has been developed. [15] [16] [17] [18] The clinical rationale for this effort is that by sparing COX-1 activity, COX-2-specific inhibitors are not expected to interfere with homeostatic prostanoid-dependent processes such as upper gastrointestinal (GI) tract mucosal protection and platelet aggregation. The potential clinical benefit of this strategy is important given that patients who take nonsteroidal anti-inflammatory drugs (NSAIDs), which inhibit both COX-1 and COX-2, 15 incur a 3-to 10-fold higher risk of gastroduodenal injury and death than those who do not. [19] [20] [21] [22] Endoscopic studies have shown that the prevalence of gastroduodenal ulcers is 15% to 30% among users of conventional (ie, nonspecific) NSAIDs. [23] [24] [25] [26] Large, randomized trials have suggested that endoscopic ulcers are surrogate markers for NSAIDinduced complications such as bleeding, perforation, and obstruction. 27, 28 Celecoxib has been shown to inhibit COX-2 and spare COX-1 activity in vitro while possessing effective anti-inflammatory and analgesic properties when studied in vivo. 8, 18, [29] [30] [31] It is recommended for the treatment of osteoarthritis at 100 mg 2 times a day or 200 mg once daily, and for thetreatmentofrheumatoidarthritis(RA) at 100 to 200 mg twice per day. This ran-domized, placebo-controlled, doubleblind, 12-week trial was conducted to test the hypothesis that celecoxib has efficacy as an anti-inflammatory and analgesic drug through COX-2 inhibition but has little effect on COX-1 activity at efficacious doses as evidenced by reduced GI tract mucosal damage defined by endoscopy. The efficacy and upper GI tract safety of celecoxib in treating RA was assessed and compared with the effects of naproxen and placebo.
METHODS

Study Population
Men and women outpatients aged 18 years or older were eligible to participate in the study if they fulfilled the American College of Rheumatology (ACR-20) criteria for a diagnosis of RA evident for 3 months or longer 32 and were in a functional class of I, II, or III. 33 Additional selection criteria were based on disease activity.
Patients were eligible to participate if the dosages of any glucocorticoids, disease-modifying antirheumatic drugs, or methotrexate had been stable and were expected to remain constant throughout the study.
Patients were excluded from the study if they had active GI tract, renal, hepatic, or coagulation disorders; history of malignancy (unless removed surgically with no recurrence within 5 years); esophageal or gastroduodenal ulceration within the previous 30 days; or a history of gastric or duodenal surgery other than an oversew. In addition, patients were excluded if the upper GI tract endoscopy performed at baseline disclosed an esophageal, gastric, or duodenal ulcer or more than 10 erosions in the stomach or duodenum. Patients were not excluded for a history of peptic ulcer disease.
Study Protocol
This prospective, randomized, doubleblind trial was conducted at 79 clinical sites in the United States and Canada in accordance with the principles of Good Clinical Practice and the Declaration of Helsinki. The protocol was approved by the institutional review board at each clinicalsite,andallpatientswererequired to provide written informed consent. Quality control measures included site visits, verification of case report forms against source medical records, and site audits by sponsor personnel.
Prior to enrollment, patients completed a physical examination and clinical laboratory testing. A baseline serological antibody test for Helicobacter pylori (FlexSure, Beckman-Coulter, Palo Alto, Calif) was included. Screening or baseline clinical assessments of arthritis included patients' and physicians' global assessment of arthritis, scored on a scale of 1 (very good) to 5 (very poor); the patients' assessment of arthritis pain marked on a visual analog scale (VAS) from 0 mm (no pain) to 100 mm (severe pain); a complete count of tender/ painful joints; a complete count of swollen joints (hip joints were not assessed); duration of morning stiffness; the health assessment questionnaire Functional Disability Index; and plasma levels of Creactive protein. [34] [35] [36] [37] [38] Following a 2-to 7-day washout period of NSAIDs or any analgesic medication, symptomatic RA (flare) was confirmed at a baseline visit according to the following definition: physicians' and patients' global assessments of "fair," "poor," or "very poor" and the first 2 plus either the third or the fourth of the following: (1) the presence of at least 6 tender or painful joints with an increase of 20% or at least 2 joints; (2) a minimum of 3 swollen joints with an increase of 20% or at least 2 joints; (3) a minimum of 45 minutes of morning stiffness and increase of at least 15 minutes; or (4) patients' assessment of pain of at least 40 mm on the VAS and an increase of at least 20% or 10 mm. An upper GI tract endoscopic evaluation was performed within 7 days prior to the first dose of study medication. The mucosae of the stomach and duodenum were evaluated separately for the presence of petechiae, erosions, and ulcers. An ulcer was defined as any break in the mucosa at least 3 mm in diameter with unequivocal depth.
Treatment
Patients were assigned by a computergenerated randomization schedule to 1 of 5 treatment groups: placebo, celecoxib 100 mg twice per day, celecoxib 200 mg twice per day, celecoxib 400 mg twice per day, or naproxen 500 mg twice per day (FIGURE 1). Randomization was stratified by center using a block size of 10 treatments. All treatment regimens werefullymaskedsothatallpatientstook the same number of capsules, and all regimens were identical in appearance and frequency.
Concomitant Medications
Stable doses of aspirin no more than 325 mg/d were allowed, and acetaminophen up to 2 g/d for no longer than 3 consecutive days was also allowed except within 48 hours prior to arthritis assessments, during which no analgesics were allowed. NSAIDs, injectable corticosteroids, and anticoagulants were prohibited. Stable doses of oral glucocorticoids (up to 10 mg of prednisone per day) or disease-modifying antirheumatic drugs (DMARDs) were allowed and antiulcer drugs were prohibited.
Clinical Assessments
Clinical efficacy and safety assessments were performed at weeks 2, 6, and 12. Efficacy assessments were identical to those performed at the screening and baseline visits. Safety was evaluated according to the incidence and type of adverse reactions and clinical laboratory abnormalities. At the final treatment (or early termination) visit, each patient underwent a second upper GI tract endoscopy, and a CLO test for H pylori was performed on atissuesampletakenfromthegreatercurvature of the stomach. In all cases, the endoscopist was blinded to the treatment a patient was receiving.
Patient demographic and baseline characteristics are shown in TABLE 1.
Statistical Analysis
Homogeneity of the treatment groups at baseline was analyzed using the 2 (for sex and race), 2-way analysis of variance (for continuous demographic variables and baseline disease activity), and the Cochran-Mantel-Haenszel test (for patients' and physicians' global assessments). Differences among the treatment groups in concurrent medication use were analyzed with the Fisher exact test. *All data presented as mean (SD) unless otherwise indicated. DMARD indicates disease-modifying antirheumatic drug; HAQ, health assessment questionnaire. †Scale ranged from 1 (very good) to 5 (very poor). ‡One patient in the 100-mg celecoxib group was rated "good" and the score for 1 naproxen patient was missing. §Scale ranged from 0 (no pain) to 100 (very severe pain).
Scale ranged from 0 to 3, with lower score representing less disability.
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Efficacy analyses were based on the intent-to-treat cohort, defined as all patients who took at least 1 dose of study medication. In all efficacy measures, including the composite ACR-20 analysis, missing values for any assessment time were imputed by carrying forward the last observed value for any patient who discontinued the study for any reason (including treatment failure) before completing 12 weeks. Continuous efficacy variables were compared among treatment groups using analysis of covariance with treatment and center as factors and the corresponding baseline value as a covariate. Hochberg's step-up procedure was used to control for type-1 error associated with multiple-treat-ment comparisons at each time point within each efficacy variable. 39 For categorical efficacy variables (Patient's and Physician's Global Assessments and the ACR-20 responder criteria 4 0 ), the Cochran-Mantel-Haenszel test, stratified by center, was used to compare results among treatment groups. Incidence of withdrawal due to treatment failure was analyzed with the Fisher exact test.
The gastroduodenal ulcer incidences at week 12 were analyzed with Cochran-Mantel-Haenszel tests stratified by baseline status; 95% confidence intervals (CIs) for the ulcer incidences were also calculated. The overall effects of H pylori status and H pylori status by treatment interaction were examined using both analysis of covariance and Cochran-Mantel-Haenszel test. The effects of concurrent aspirin or corticosteroid use, history of gastroduodenal ulcers, and history of GI tract bleeding were analyzed in a similar manner.
The planned sample size was based on the expectation that 35% of patients receiving active treatment would show improvement compared with 20% of placebo-treated patients. A sample size of 200 patients per treatment group was sufficient to detect this difference with 80% power at an ␣ level of .05 adjusted for 3 celecoxib doses vs placebo by the Bonferroni method. This sample size was also sufficient to detect an anticipated difference in endoscopic gastroduodenal ulcer rate of 3% (celecoxib 400 mg twice per day) vs 11% (naproxen 500 mg twice per day) at the same ␣ level and power.
RESULTS
Patient Characteristics
A total of 1149 patients were enrolled. No significant differences among the treatment groups at entry were detected with respect to baseline characteristics ( Table 1 ). The study was completed by 688 patients (60%). Figure 1 shows reasons for early discontinuation from the study and includes the numbers of patients withdrawing during each interval, indicating the extent of data extrapolation at each assessment time.
Baseline endoscopic scores were not significantly different among treatment groups. More than 50% of the patients had normal gastric and duodenal mucosae, and no patients had an ulcer. The incidence of H pylori positive serology results at baseline was also not statistically significantly different across the treatment groups, ranging from 23% to 34% of patients.
Efficacy Results
Celecoxib produced significant improvement in the signs and symptoms of RA for all efficacy measures. As shown by the reduced number of tender/painful and of swollen joints among those treated (FIGURE 2) , celecoxib produced statistically significant and maximal effects by week 2, which were sustained through 12 weeks. All celecoxib doses generally demonstrated similar efficacy, and all were comparable to naproxen 500 mg twice per day. The percentages of patients who responded (improved) by ACR-20 criteria at weeks 2, 6, and 12 are shown in For other efficacy measures, week 12 results are presented in TABLE 2. In the patients' and physicians' global assessments, celecoxib was associated with statisticallysignificanttreatmenteffectscompared with placebo. For patients' global assessment, all celecoxib dose groups had significantly better scores than the placebo group. However, for Physicians' Global Assessment, only those in the 200-mgand400-mg,twice-per-daycelecoxibdose groups had significantly better scores than those in the placebo group. Naproxen was not significantly different from placebo at week 12 in either measure of efficacy. In patients' assessment of arthritis pain and duration of morning stiffness, all active treatments showed significant improvement and were statistically distinct from placebo. Improvements in the health assessment questionnaire functional disability scores were significant for those taking celecoxib 200 mg and 400 mg twice per day (PϽ.001 for both) and those taking naproxen compared with those taking placebo (P = .008). Neither celecoxib nor naproxenwasassociatedwithdemonstrable effects on C-reactive protein levels.
Withdrawals from the study due to treatment failure were significantly lower for all active treatment groups (PϽ.001 for all) than for the placebo group: 104 (45%) of placebo patients compared with 67 (28%) of patients receiving 100 mg, 50 (21%) receiving 200 mg, and 59 (27%) receiving 400 mg of celecoxib twice per day, and 65 (29%) of patients receiving naproxen (Figure 1) .
Endoscopic Results
FIGURE 4
shows the incidences of ulceration over the 12-week course of the trial in patients who completed the study and underwent final endoscopic evaluation. Any endoscopic finding other than ulcer was categorized as unknown if the data were obtained before the 12-week visit; only patients with endoscopy results categorized as known, including all patients found to have an ulcer at any time, are included in the analysis. In 99 patients receiving placebo, gastroduodenal ulcers developed in 4 (4% [95% CI, 0.1%-7.9%]); in 148 receiving 100-mg celecoxib, ulcers developed in 9 (6% [95% CI, 2.2%-10.0%]); in 145 receiving 200-mg celecoxib, ulcers developed in 6 (4% [95% CI, 0.9%-7.3%]); and in 130 receiving 400-mg celecoxib twice daily, ulcers developed in 8 (6% [95% CI, 2.1%-10.4%]). In comparison, of 137 patients receiving naproxen, 36 developed gastroduodenal ulcers (26% [95% CI, 18.9%-33.7%]). There were no statistically significant differences in the incidence of gastroduodenal ulcers between the placebo group and any of the celecoxib groups (PϾ.40) and no evidence of a dose response, whereas the incidence of ulceration in the naproxen group was significantly greater than in each of the Scale ranged from 1 (very good) to 5 (very poor). Patient improvement was defined as a reduction of at least 2 grades from baseline for grades 3 to 5 or a change in grade from 2 to 1. ¶Values reported are change from baseline. Negative change indicates improvement. #Scale ranged from 0 to 3 with lower score representing less disability.
EFFECTS OF CELECOXIB IN PATIENTS WITH RHEUMATOID ARTHRITIS
©1999 American Medical Association. All rights reserved.
other treatment groups (PϽ.001). A comparison of the effects of H pylori status, concurrent aspirin or corticosteroid use, history of GI tract bleeding, or history of GI tract ulcers on the incidence of gastroduodenal ulcers within treatment groups showed that none of these factors was associated with an effect on ulceration.
General Safety
All doses of celecoxib were well tolerated in this study. The incidences of adverse events among the celecoxib treatment groups were generally higher than in the placebo group but did not suggest a dose response. The adverse events with the highest incidence were headache, upper respiratory tract infection, dyspepsia, diarrhea, and abdominal pain (TABLE 3) .
The incidences of the most frequently reported GI tract adverse events (dyspepsia, diarrhea, abdominal pain, nausea, and flatulence) combined were 19% for placebo; 28% for 100 mg, 25% for 200 mg, and 26% for 400 mg of celecoxib twice per day; and 31% for naproxen.
No adverse renal effects of celecoxib were detected. The incidences of peripheral edema and hypertension were low (0%-2%) and were similar among all treatment groups ( Table 3) . As representative measures, mean blood pressures and creatinine values decreased slightly over the 12 weeks in all treatment groups (TABLE 4) .
Serious adverse events (representing hospitalizationsormalignanciesdetected during study participation) were reported for 5 patients (2%) receiving placebo; 4 patients (2%) receiving 100 mg, 5 (2%) receiving 200 mg, and 4 (2%) receiving 400 mg of celecoxib twice per day; and 4 patients (2%) receiving naproxen. None of these events was considered to be related to study medication.
One clinically significant upper GI tract ulcer complication occurred during the study. An 80-year-old woman who received naproxen 500 mg twice per day developed an ulcer on the superior wall of the duodenal bulb and a large postbulbar ulcer on the anterosuperior wall of the duodenum, creating a partial gastric outlet obstruction after 22 days of treatment.
COMMENT
We tested the hypothesis that an agent that inhibits COX-2 while sparing COX-1 will be as effective as conventional NSAIDs (that inhibit both COX-1 and COX-2) but at therapeutic doses will not interfere with other prostaglandindependent homeostatic processes such An ulcer was defined as any break in the mucosa at least 3 mm in diameter with unequivocal depth. For each patient there were 3 possible outcomes: known ulcer, known no ulcer, and unknown. Any endoscopic finding other than ulcer was categorized as unknown if the data were obtained before the 12-week visit. Naproxentreated patients had a significantly greater incidence of gastroduodenal ulcers than did patients treated with either celecoxib or placebo (PϽ.001). The incidences of gastroduodenal ulcers in the celecoxib treatment groups were similar to that in placebo-treated patients (PϾ.40). Error bars indicate 95% confidence intervals. Asterisk indicates PϽ.001 vs all other treatments. Celecoxib and naproxen were both administered twice daily for all dosages. as upper GI tract mucosal integrity. 7, 8, 29, 30, 41, 42 The results of our study provide evidence supporting the hypothesis. Celecoxib demonstrated antiinflammatory and analgesic efficacy comparable with naproxen, with a significantly lower incidence of gastroduodenal ulceration than naproxen, and not significantly different from placebo. All doses of celecoxib were associated with anti-inflammatory and analgesic efficacy. This efficacy was reflected by improvements in all efficacy measures beginning at week 2 and sustained over 12 weeks. Total daily celecoxib doses of 200 mgto400mgweremaximallyefficacious, with no further benefit observed with the 400 mg twice per day regimen (800 mg/ d). The efficacy of celecoxib was comparable with naproxen, and the improvement in patients treated with naproxen was similar to previously reported results from RA efficacy trials investigating the efficacy of naproxen and other NSAIDs. 43, 44 Approximately 20% to 30% of patients who take conventional NSAIDs develop persistent adverse effects, and more than 10% are estimated to discontinue treatment as a result. 45 In this study, the GI tract tolerability of celecoxib was found to be intermediate between that for placebo and that for naproxen, as shown by incidences of GI tract adverse events and withdrawals due to GI tract adverse events. (Because crude incidences are not normalized for differing lengths of exposure, the ability to interpret these data is limited.) Overall, celecoxib was well tolerated.
It is well established that conventional NSAID therapy can lead to gastroduodenal ulceration and associated serious complications of perforation, hemorrhage, and gastric outlet obstruction. [19] [20] [21] [22] [23] [24] [25] [26] There is evidence to suggest that NSAID-induced ulcers and their resulting complications are largely caused by NSAID-mediated inhibition of mucosal prostaglandin production, primarily mediated by COX-1 activity. 45, 46 Prostaglandins have been shown to modulate gastroduodenal mucosal protection by several interrelated mechanisms. 47, 48 In animal models, NSAID-induced GI tract toxicity has been isolated to inhibition of COX-1 activity. 17, 30 The results of this study provide clinical evidence for the association of celecoxib with improved endoscopic upper GI tract safety compared with naproxen. Moreover, the incidence rates of gastroduodenal ulcers associated with celecoxib, even at 4 times the recommended dose,werenotsignificantlydifferentfrom that observed with placebo. However, it should be noted that the study was not powered to show equivalence between celecoxib and placebo.
The incidence of gastroduodenal ulcers among patients receiving placebo in our study is similar to that observed in previous studies in which the point prevalence of gastroduodenal ulcers in normal asymptomatic volunteers was examined by upper GI tract endoscopy. 49, 50 The prevalence of gastroduodenal ulcers in untreated patients in these previous studies ranged from 1.7% to 4.3%. The incidence of gastroduodenal ulcers among patients who received naproxen in our study was 26%, which is similarly consistent with previous endoscopic studies of upper GI tract damage induced by naproxen or other NSAIDs. [23] [24] [25] [26] The precise cause of the ulcers that develop in the patients treated with either placebo or celecoxib in our study is uncertain. Neither H pylori-positive status nor low-dose aspirin use (Յ325 mg/ d), both known ulcerogenic factors, 51, 52 was shown to be a factor contributing to gastroduodenal ulcer formation.
The observed differences in upper GI tract ulceration between celecoxib and naproxen are important since ulcers are generally thought to be precursors for potentially fatal ulcer complications (perforation, bleeding, or obstruction). 27, 28 If true, these data would indicate that drugs that inhibit COX-2 while sparing COX-1 may result in a decreased rate of ulcer complications compared with conventional NSAIDs.
Overall, these results provide evidence of the clinical benefits of celecoxib in the treatment of RA. Current therapeutic strategies for RA usually consist of combination therapy including NSAIDs together with corticoste-roids and disease-modifying agents. 53 In this 12-week study, celecoxib produced improvement in the signs and symptoms of RA comparable with the effects of naproxen but with a significantly reduced incidence of endoscopically identified gastroduodenal ulcers. Thus, one of the major impediments that can limit the effective use of conventional NSAIDs, upper GI tract toxic effects, may potentially be obviated by the use of celecoxib.
